Objectives: This study aims to investigate the presence and incidence of arteriosclerosis in patients with benign paroxysmal positional vertigo (BPPV).
Vertigo is a disruption of vertical orientation or an illusion of movement. Benign paroxysmal positional vertigo (BPPV) is a common entity and is a component of peripheral vestibular disorders, which are especially encountered with an older patient. [1] Since the underlying pathophysiological mechanism of vertigo cannot be explained precisely, [2] the intended success of patient treatment is sometimes not achieved. Sunami [3] claim that there may be a relationship between BPPV recurrence and diseases such as hypertension and hyperlipidemia which are associated with certain life styles. Wada et al. [4] report that there is a significant correlation between BPPV, which requires long-term treatment, and diseases such as hypertension and hyperlipidemia. Results of the recent studies suggest that there may be a relationship between arteriosclerosis, which accompanies diseases associated with certain life styles, and BPPV.
Numerous methods have been developed in order to determine the existence and prevalence of arteriosclerosis. Noninvasive intimamedia thickness (IMT) and arterial stiffness measurements are among the most common methods. [5, 6] The factor that causes mechanical stress in the physiology of arterial structures is called pressure. While the changes in the diameter due to pressure are called strain. The relationship between these two physiological conditions reflects arterial elasticity or stiffness. Quantitative counterparts of elasticity and stiffness are compliance and distensibility. Distensibility implies proportional changes due to an increase in pressure while compliance implies the absolute changes in diameter due to the increase in pressure.
This study aims to investigate the existence or frequency of arteriosclerosis through noninvasive methods on patients who were referred to ear nose and throat (ENT) clinics with BPPV by measuring IMT and arterial stiffness in carotid and femoral arteries.
PATIENTS AND METHODS
Ethical approval was obtained from the Ethics Committee of our institution and patient consents were obtained.
Patients that were referred to ENT clinics with vertigo were compiled in the first half of 2010. Patients that were clinically diagnosed with BPPV with normal results during routine audiological, biochemical, and imagining tests and positive Dix-Hallpike tests were included in this study. Otological asymptomatic control group data was obtained by getting permission from cases referred to the radiology department for ultrasound (US) examination who did not demonstrate any pathology in their US examinations.
Body mass index (BMI) and waist hip ratio (WHR) were assessed in all cases. Intima-media thickness was measured in all the cases. Arterial stiffness measurements were taken as follows:
Measurements were carried out 2 cm before the right carotid artery bifurcation and 2 cm after the deep branch division of the right femoral artery.
All non-invasive measurements were made by the same investigator, who used and a US imager [SSA-660A (Xario), PLT-704AT Prob, (Toshiba Medical Systems Corporation, Tochigi, Japan)]. Intima-media thickness, lumen diastolic (dD) and systolic (sD) diameters were measured at the common carotid and femoral arteries according to the previously described procedure. [7] The lumen cross-sectional area was calculated as πdD 2 /4 and the wall cross-sectional area as π(dD/2+IMT) 2 -π(dD/2) 2 . Cross-sectional compliance and distensibility of the common carotid artery were calculated from diameter changes during systole and from simultaneously measured pulse pressures (ΔP) according to the following formulae:
Diastolic wall stress was calculated using the mean arterial pressure multiplied by dD/2IMT. Whereas compliance provides information on the elasticity of the artery as a hollow structure, the incremental elastic modulus provides information on the properties of the wall material independently from the arterial geometry. This variable was calculated as 3/(1+lumen crosssectional area/wall cross-sectional area) divided by cross-sectional distensibility.
Statistical analysis
Data was expressed as mean ± standard deviation (SD). The differences between data were studied using the Student t test and the Mann-Whitney U test. The level of statistical significance was taken as p<0.05. Data was analyzed using SPSS for Windows version 15.0 software program (SPSS Inc., Chicago, IL, USA).
RESULTS
There was no significant difference between the demographic characteristics of individuals in both groups, such as a history of arterial hypertension, diabetes, high cholesterol, smoking, previous stroke, etc.
There were 89 BPPV patients (57 males and 32 females) with an average age of 46 (range 15-85). There were 129 controls (73 males and 56 females), with average age of 48 (range 13-78), ( Table 1 ).
The distribution of sexes between the control and BPPV groups was proportional. There was no statistically significant difference between the ages (p=0.352), BMI (p=0.410) and WHR (p=0.293) of these groups.
There were no statistically significant differences observed between carotid and femoral IMT and elastic modulus measurements between the control and BPPV groups.
In the BPPV group, carotid artery crosssectional compliance and cross-sectional distensibility were found to be low in statistically significance (p<0.001) ( Table 2) .
DISCUSSION
Vertigo is the illusion of motion. [8] Cases referred with vertigo complaints should be considered with medical, neurological, and otological reasons. [9] It is especially important to distinguish the peripheral (otologic) and central (neurologic) reasons for vertigo. Benign paroxysmal positional vertigo, Meniere's disease, and vestibular neuritis can be considered among the otologic reasons. Benign paroxysmal positional vertigo is the most common vestibular disorder. Epidemiological studies show that the average age of the onset of vertigo is 54. However, they may occur in some people between the ages of 11 to 84. [10] Recently peripheral vestibular disorders have been reported to be related to arteriosclerosis and other diseases associated with the certain life styles. [11] Sonographic investigation of carotid and femoral arteries is quite important for noninvasive assessment of arteriosclerosis. Arterial stiffness is a term, which implies stiffness of the vessel walls while arterials tend to lose their elasticity and is considered a component of arteriosclerosis. Numerous parameters were shown as a marker of arterial stiffness and these parameters have no superiority over one another. Changes of vessel walls at an early arteriosclerosis stage, which generally occur before having a clinical symptom, were mainly investigated in the aorta, brachial, and femoral arteries. [12] Arterial stiffness measurements in carotid arteries were noted in previous studies such as ARIC and SMART. They are now accepted as a new risk factor for arteriosclerosis. [13] [14] [15] In addition, IMT measurements in the carotid artery have shown to be a noninvasive and reliable marker in order to show the existence and prevalence of arteriosclerosis.
In the study carried out by Cruz et al. [11] it is claimed that arteriosclerotic risk factors such as smoking, alcohol drinking, and hypertension together with emotional stress are all independent factors which increase the prevalence of balance disorders in young adults. These are all associated with the arteriosclerotic process. In some epidemiological studies it is reported that older women with low high-density lipoprotein (HDL) values and abdominal obesity tend to show more balance disorders. [16] The study on the relationship between prognosis and arteriosclerosis in BPPV cases, which was carried out by Wada et al., [2] carotid IMT was found to be higher in the BPPV group compared to the control group. No statistically significant differences were noted between the carotid and femoral IMT measurements of the BPPV and the control groups in our study. However, in the study of arterial distensibility and compliance, which are markers of arteriosclerotic process in carotid and femoral arteries, the vertigo group was found to be lower compared to the control group. Hemenway and Lindsay [17] reported that the etiology of BPPV, which is based on the degeneration due to the obstruction of vestibular artery, is a circulatory impairment. Microcirculation disorders that may occur in the inner ear will result in more mobile otolith development and BPPV. [18] Results show that increases in arterial stiffness and arteriosclerosis are more common in cases with BPPV.
This trial suggests that atherosclerotic changes are more commonly observed in BPPV cases and should be assessed as a factor, which may have a role in BPPV etiology. Diagnosis and treatment of underlying arteriosclerosis in these patients can decrease the symptoms of BPPV along with the risk of cerebrovascular and cardiovascular events.
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